Abstract. We sought to identify independent, nonacademic predictors of medical and nursing student intent to migrate abroad or from rural to urban areas after graduation in low-and middle-income countries (LMIC). This was a cross-sectional survey of 3,199 first-and final-year medical and nursing students at 16 training institutions in eight LMIC. Questionnaires assessed demographics, career intentions, and preferences regarding selected career, location, and work-related attributes. Using principal component analysis, student preferences were reduced into four discrete categories of priorities: 1) work environment resources, 2) location livability, 3) altruistic job values, and 4) individualistic job values. Students' preferences were scored in each category. Using students' characteristics and priority scores, multivariable proportional odds models were used to derive independent predictors of intentions to emigrate for work outside the country, or to work in a rural area in their native country. Students prioritizing individualistic values more often planned international careers (adjusted odds ratio [aOR] = 1.44, 95% confidence interval [CI] = 1.16-1.78), whereas those prioritizing altruistic values preferred rural careers (aOR = 1.82, 95% CI = 1.50-2.21). Trainees prioritizing high-resource environments preferentially planned careers abroad (aOR = 1.38, 95% CI = 1.12-1.69) and were unlikely to seek rural work (aOR = 0.60, 95% CI = 0.49-0.73). Independent of their priorities, students with prolonged prior rural residence were unlikely to plan emigration (aOR = 0.67, 95% CI = 0.50-0.90) and were more likely to plan a rural career (aOR = 1.53, 95% CI = 1.16-2.03). We conclude that use of nonacademic attributes in medical and nursing admissions processes would likely increase retention in high-need rural areas and reduce emigration "brain drain" in LMIC.
INTRODUCTION
The growth in noncommunicable diseases and emergence of pandemic threats like Ebola have highlighted the need to strengthen health systems worldwide. [1] [2] [3] Nowhere is this need greater than in low-and middle-income countries (LMIC), where global disease burden remains concentrated. Central to any effective health system are health workers. 1 Nevertheless, regions most affected by disease still have greatest health professional shortages. 4, 5 Sub-Saharan Africa hosts 3% of the global health workforce yet bears 26% of the world's burden of disease. 6, 7 South Asia has 8% of the health workforce, yet claims 27% of global morbidity. 6, 7 Rural areas suffer the greatest health workforce deficits in LMIC, with just over one-third of physicians, nurses, and midwives working in rural areas that host twothirds of the population. 6 High-income nations, by contrast, account for 11% of global disease and are home to 37% of all health-care professionals. 6, 7 Inequity in distribution of health professionals represents a global challenge. 1, 4, 5 The 2010 World Health Organization (WHO) Code of Practice on the International Recruitment of Health Personnel has not slowed the efflux of medical graduates from low-resource to high-resource settings. 8, 9 Meanwhile, international collaborations formed to strengthen LMIC health workforce, including the Medical and Nursing Education Partnership Initiatives (MEPI and NEPI) and the Consortium of New Southern African Medical Schools (CONSAMS), [10] [11] [12] have not curbed the outflow of health graduates, despite successes in other areas. [13] [14] [15] Local interventions implemented to build human resource capacity have been similarly disappointing; while LMIC medical and nursing education has expanded, 16, 17 the efflux of new graduates after training continues. 18 Of the roughly 10,000 sub-Saharan African medical students who graduate yearly, 16 up to one quarter will emigrate within 5 years of graduation 16, 19 costing $2 billion in lost educational investments 20 and an unknown burden more from excess regional morbidity. Only 16% of graduates may work rurally longer than 5 years. 16, 19 Although it remains crucial to address factors motivating graduates' international and urban migration, 4, 5, 21 growing investments in LMIC health education have also intensified the need to consider which mix of students are granted limited training spots in the first place. 22 Admissions to medical and nursing school in LMIC are typically determined by applicant academic merit. Yet data from both high-income nations and LMIC suggest that student geographic origin and/or exposure to rural areas may influence ultimate practice locations. 19, [23] [24] [25] [26] Less is known about the influence of other demographic, personality, and motivational factors-collectively referred to here as nonacademic attributes-on student migration decisions. Such understanding could help guide admissions reforms, identifying students most likely to work in high-need areas. We previously reported medical and nursing student characteristics associated with intended international or rural practice in eight South Asian and sub-Saharan African nations. 19 Here we explore students' preferred job values and work environment priorities as predictors of their plans to work in rural areas or emigrate from their countries after graduation.
MATERIALS AND METHODS
Study design and procedures. Details of study methods are presented elsewhere. 19 In brief, between September 2011 and May 2012, we conducted a cross-sectional survey of 3,199 medical and nursing students in the first and final years of training at 16 government training institutions in eight LMIC: Bangladesh, India, Nepal, Ethiopia, Kenya, Malawi, Tanzania, and Zambia. Among nations in continental South Asia and sub-Saharan Africa with critical health worker shortages, 4 these eight were systematically selected to minimize the influence of differences in language, political instability, and institutional training philosophy and founding date (Supplemental Figure 1) . All use English as the language of instruction, met cutoffs for political stability (absence of United Nations peacekeeping mission or bottomdecile rank in Global Peace Index or Worldwide Governance Indicators), [26] [27] [28] [29] and have a government medical and affiliated nursing school established before 1993. 30 To achieve the most comparable cohort of students across institutions and nations, one highly reputed government medical school and affiliated nursing school was selected in the capital or major commercial city of each nation (Table 1) . At each one, we enrolled first-and final-year medical (MBBS/MD/ MBChB) and nursing (BSc) degree students to complete a self-administered questionnaire. All sites granted research ethics committee approval, as did the Vanderbilt University Institutional Review Board.
In addition to assessing 36 student background characteristics, survey items sought to monitor trainees' professional priorities by having them assign levels of importance (using 5-point Likert scales) to 19 job, location, and work environment attributes (Table 2 ). The two primary outcomes assessed were self-reported likelihood of choosing to work outside the country (emigration) or in a rural setting inside the country within 5 years after training.
Questionnaires were field tested prior to administration, and supplemental official language translations provided (Bengali, Nepali, Amharic, Chichewa, and Kiswahili) where English was not also an official language. Test-retest reliability of responses was assessed using a cohort of 60 students. Questionnaire results were entered electronically, and data entry audited in each country to ensure a data entry error rate < 5% with 95% confidence. Questionnaires with > 25% of responses missing were excluded from analysis.
Statistical analysis. Student priorities regarding 19 job, location, and work environment attributes were reduced to a smaller number of discrete priority categories using exploratory principal component analysis (PCA). PCA helps condense heterogeneously related variables (in this case, priorities regarding 19 attributes) into fewer independent groups (priority categories). Cronbach's α was used to estimate internal consistency of each resulting category. Students were then assigned a score for each priority category based on the mean of their responses to the corresponding constituent attributes, and scores for each category were then normalized to a 100-point scale for subsequent analysis.
Multivariable linear regression models were used to estimate the relationship between 12 selected student characteristics (chosen a priori) and student scores for each priority category. Subsequently, proportional odds models were used to estimate the relationship between 14 selected student characteristics (10 background characteristics chosen a priori, as well as four category scores derived from PCA) and student self-reported likelihood to work internationally or rurally (each collected as a category ordinal measure). The number of characteristics selected was computed using the distribution of the ordinal outcomes and the smallest country sample size. 31 Missing values were accounted for using multiple imputation, 32 and continuous variables were expanded using restricted cubic splines to avoid assumptions of linearity. 31 Country-specific odds ratios (ORs) were combined using a meta-analytic random effects method making no assumption of homogeneity across institutions. 33 We used 
RESULTS
Of 3,822 students enrolled in first-or final-year medical or nursing degree classes, 599 (16%) were absent during questionnaire administration, six (< 1%) declined participation, and 18 (< 1%) were excluded due to incomplete questionnaires, leaving 3,199 (84%) for analysis, 99.3% of the 3,223 students approached for the study. Descriptive characteristics of this population are detailed elsewhere. 19 Data entry audits yielded low error rates for all sites (range = 0.02-0.6%). Test-retest reliability demonstrated strong reliability (K = 0.90).
Prioritization of career attributes. Using PCA, student rankings regarding 19 independent career attributes reduced into four distinct categories of priorities (Table 3) . These categories included prioritization of 1) attributes related to work environment resources (infrastructure, support staff, supply availability, and career development opportunities), 2) attributes related to location livability (location desirability to spouse/partner, proximity to family, safety, access from capital city, educational opportunities for children, local political system, local religious communities, and entertainment opportunities), 3) altruistic job attributes (advancing research, mentoring others, caring for the poor, improving the nation), and 4) individualistic job attributes (large income, respect from authority figures, and managerial autonomy). Cronbach's α for each category of priorities is shown in Table 3 .
On multivariable analysis, several student characteristics emerged as independently associated with higher scores for various priority categories, though the numerical score difference (on a 100-point scale) attributable to any given student characteristic remained small (Table 3) . Compared with their medical peers, nursing students placed higher importance on both a high-resource work environment (score differential = +2.0 points, 95% CI = 0.1-3.8) and optimal location (score differential = +2.1 points, 95% CI = 0.0-4.1), and were also more polar in their prioritization of both altruistic and individualistic career attributes (score differentials = +1.9 and +5.8 points, respectively; 95% CI = 0.0-3.8 and 2.4-9.1, respectively; Table 3 ). Females also prioritized a high-resource work environment slightly more strongly than Has a community of people with your religion Is easy to access from capital/commercial capital Has diverse opportunities for entertainment Work environment attributes: How important is it for you to work in an environment that has. . .
The best available infrastructure A highly efficient and adequately sized support staff Whatever supplies you need in stock Opportunities for career development (MV) Variable was chosen a priori for inclusion in multivariable proportional odds model assessing predictors of rural or international work intentions. A total of 14 variables were included. The number of characteristics selected was computed using the smallest country sample size. 31 *Name(s) of countries in which student holds citizenship. †Name of country region, province, or state in which student spent the majority of his/her childhood. ‡Five location options were provided, ranging from rural village to very large city. An additional option ("outside the country") was included for items assessing family location. §Responses contingent upon student having prior foreign travel. ¶Five-question item assessing religiosity, derived from validated Duke University Religion Index. 34 ∥Means of financing education include scholarships (with or without service obligation), loan, family or personal savings, other. **Types of expected dependents include spouse, children, parents, siblings, nieces/nephews, aunts/uncles, cousins, grandparents.
males (score differential = +1.5 points, 95% CI = 0.2-2.8), but were otherwise similar in their preferences (Table 3) . Age had little independent effect on career preferences, though final-year students appeared more likely to prioritize optimal location (score differential = +3.2 points, 95% CI = 0.4-6.1) and less likely to prioritize altruistic career values (score differential = −2.6 points, 95% CI = −4.0 to −1.2) than their first-year peers (Table 3) .
We did not detect an association between students' selfreported socioeconomic status, prior international travel, and exposure to rural settings and any category of priorities. However, students with very high intrinsic religiosity (as measured by the Duke University Religion Index 34 ) preferentially prioritized altruistic career attributes compared with less religious peers (score differential = +7.5, 95% CI = 4.0-11.0; Table 3 ), while also considering location livability (including "having a community of people with your religion") more important (score differential = +4.2, 95% CI = 0.4-8.0; Table 3 ).
Intent to practice abroad. We previously noted high rates of intended international migration among students surveyed, with 24% of medical students and 36% of nursing students anticipating emigrating abroad within 5 years of graduation. 19 After controlling for differences in career priorities, several student characteristics remained independently associated with international practice intentions (Table 4) . Notably, students who desired careers abroad before matriculation remained more likely to intend to migrate (aOR = 4.34, 95% CI = 3.04-6.19), whereas those with CI = confidence interval. *Categories of career priorities were generated through exploratory principal component analysis from a set of 19 career attributes rated in importance by survey respondents. Student scores for each category (on a 100-point scale) reflect the mean of scores for all attributes in that category. The score differentials reported above are derived from multivariable linear regression analysis and signify the difference in mean score (on a 100-point scale) independently associated with a given student characteristic for each priority category.
†Majority of languages are national official languages and include Bengali (Bangladesh), Nepali (Nepal), Hindi and English (India), Amharic (Ethiopia), Kiswahili and English (Kenya), Kiswahili (Tanzania), Bemba and English (Zambia), Chichewa (Malawi). ‡Rural (population < 50,000), semi-urban (population 50,000-200,000), urban (population > 200,000). ¶Self-reported socioeconomic status of one's family compared with the rest of people in the country. §Intrinsic religiosity as measured by the Duke University Religion Index, a validated tool for epidemiologic use. Intrinsic religiosity is calculated by DUREL on a 15-point scale (minimum 3 and maximum 15), with labels added here: low (6/15 points), medium (9/15 points), high (12/15 points), very high (15/15 points) religiosity.
prolonged exposure to rural settings were less likely to plan work abroad (0 versus 20 years: aOR = 0.67, 95% CI = 0.50-0.90; Table 4 ). Interestingly, the desire for postgraduate training itself was no longer significantly associated with planned international migration (aOR = 1.23, 95% CI = 0.92-1.64) after accounting for priorities in job values, location livability, and work environment resources (Table 4) .
Regardless of their background characteristics, students who prioritized individualistic career attributes were more likely to plan international careers (aOR = 1.44, 95% CI = 1.16-1.78; Table 4 ). Similarly, those who strongly valued high-resource work environments were more likely to intend practice abroad (aOR = 1.38, 95% CI = 1.12-1.69), though prioritizing an optimal work location was not associated with intended emigration (aOR = 1.19, 95% CI = 0.89-1.59; Table 4 ).
Intent to practice in a rural setting. Only 18% of students (16% of medical and 24% of nursing) intended to practice rurally within their nation within 5 years of graduation. Several background characteristics previously found to be associated with intended rural practice remained predictive after controlling for differences in students' career priorities. 19 Students who desired a rural career before matriculation had over four times higher odds of intending one later in their educations (aOR = 4.61, 95% CI = 3.26-6.51), while prolonged exposures to rural settings continued to show higher odds of intending a rural career (0 versus 20 years: aOR = 1.53, 95% CI = 1.16-2.03; Table 4) .
Students who prioritized altruistic career values had nearly two times higher odds of choosing rural careers (aOR = 1.82, 95% CI = 1.50-2.21), regardless of their background characteristics. Conversely, those who prioritized a highresource work environment had nearly half the odds of seeking rural careers (aOR = 0.60, 95% CI = 0.49-0.73). Prioritization of optimal location attributes was not associated with rural practice intent (aOR = 0.97, 95% CI = 0.76-1.24).
DISCUSSION
Our study strengthens the growing body of literature suggesting a predictable profile of the health professional CI = confidence interval; OR = odds ratio. The combined odds ratios and 95% CIs were computed based on the proportional odds model results of the country-specific ORs using the meta-analysis approach of DerSimonian and Laird. 33 *Majority of languages are national official languages and include Bengali (Bangladesh), Nepali (Nepal), Hindi and English (India), Amharic (Ethiopia), Kiswahili and English (Kenya), Kiswahili (Tanzania), Bemba and English (Zambia), and Chichewa (Malawi). †Rural (population < 50,000), semi-urban (population 50,000-200,000), urban (population > 200,000). ‡Self-reported socioeconomic status of one's family compared with the rest of people in the country. §Initial desire prior to entering medical/nursing school. ¶Student priorities regarding 19 job, location, and work environment attributes were reduced to four discrete priority categories using exploratory principal component analysis, and students were assigned a score (100-point scale) for each category based on the mean of their responses to the corresponding constituent attributes. student inclined to remain in country and work rurally in LMIC. 19, 25, 26 Our data suggest identifiable patterns in how students prioritize job values, location preferences, and work environment attributes in their intended careers. These nonacademic patterns may help predict students' professional intentions regarding practice location and could be incorporated into medical and nursing school admissions criteria.
In our study population, students who prioritized altruistic job values were over twice as likely to plan rural careers in their home nation, whereas those with individualistic priorities were twice as likely to plan to leave their countries to practice abroad. That these associations were independent of students' background characteristics suggests a potential role for evaluating applicants' career motivations and priorities. Identifying and preferentially admitting applicants with altruistic job preferences or rural backgrounds may increase the proportion of students working in areas of need in LMIC. Similarly, because students who prioritize high-resource work environments or have strong individualistic aspirations disproportionately intend urban and/or international careers, selecting students with experience in or personality traits most adapted to lower-resource settings (e.g., self-direction, resourcefulness, empathy, optimism, confidence, and extroversion 35, 36 ) may increase retention in the LMIC. Reported career desires prior to matriculation remained most strongly associated with students' practice intentions at the time of our survey. Independent of their career priorities, students who reported desiring a rural career prior to enrollment remained over four times more likely to prefer one during their training, while those who initially wanted to work abroad were similarly as likely to intend to seek international careers. We cannot exclude recall bias, but it is unclear whether the direction of recall error (and, thus, bias generated) would weaken or strengthen these findings. 19 Data from highincome nations support an association between students' pre-matriculation career plans and eventual practice outcomes. 37 Additional longitudinal and mixed-method studies from LMIC are needed both to further confirm the association between pre-matriculation intentions and ultimate practice decisions and to explain any evolution in student intentions during their education. Cross-sectional assessments from LMIC suggest final-year students preferentially plan international and urban careers compared with younger peers, but by design are unable to confirm whether these differences represent individual changes in students' preferences or rather a cohort effect from changes in class composition (e.g., from enrollment expansions) or curricula. 19, 38 This study further strengthens recommendations that admission standards for health professional training programs in LMIC should prioritize acceptance of students with prolonged rural exposures. 19, 22 Although other studies have evaluated the effect of rural birthplace or upbringing (irrespective of the duration of rural residence), 21, [39] [40] [41] [42] [43] [44] [45] we show that the likelihood of seeking in-country or rural work increases with longer rural exposures. That this correlation is independent of students' altruistic or individualistic job preferences is noteworthy, suggesting the influence of rural exposure may be independent of student personality or job value priorities. In identifying those applicants most likely to work remotely, evaluating the duration and nature of their rural experiences may be more helpful than assessing place of origin alone.
Strengths and limitations. This study is unique for its large scope, its high aggregate class response rate, its systematic sampling methodology, and the broad set of variables examined (Supplemental Table 1 ). To our knowledge, the present report represents the first time students' career priorities have been evaluated alongside background characteristics in a multinational study of migration intentions. Our use of PCA helps shed light on patterns of career priorities held by health professional students in LMIC. Our findings have actionable implications for LMIC health education policies, while also suggesting novel areas for future research.
Limitations include potentially limited generalizability in non-Anglophone nations or areas where internal conflict or political turmoil may affect student career priorities or drive migration regardless of student characteristics. 46 Admissions reform in unstable nations may be less effective than political reform in eliciting graduate retention. Similarly, we focused on premier government training institutions, since they carry a longstanding mission to train national leaders to address domestic health challenges and use public funds to this end. Hence, our findings may not generalize to students at private, rural, or newly established institutions, nor particularly to schools with a social accountability mandate, where graduates may be more likely to work in areas of need. 47, 48 Nevertheless, although career preference patterns may vary with institution type, it remains unclear whether or how factors independently associated with student practice plans would differ, if at all. Although unique in geographic scope, our survey was correspondingly exposed to geographically and culturally mediated differences in student terminology interpretation. Where present, we aimed to minimize their effect through field testing and standardizing key terminology. Additionally, we evaluated self-reported migration intentions, which may not correlate with ultimate relocation decisions. Our cross-sectional design precluded our ability to follow up students' ultimate career decisions. However, as previously described, 19 our results closely parallel actual rates of migration observed among Asian and African health professionals. For example, rates of intended international (26%) and rural (16%) migration among subSaharan African medical students surveyed strongly resembled observed graduate practice settings (28% international and 16% rural) reported by school administrators from the same region. 16, 19 This suggests students' intentions may resemble ultimate behavior. Finally, although students' questionnaire responses may have been influenced by the desire to please study personnel (often school faculty), such social desirability bias would only strengthen study findings by leading to under-and overreporting of international and rural career intentions, respectively.
Our questionnaire did not specifically assess the types, quantity, or location of in-country postgraduate specialty training opportunities available to student respondents. Where such postgraduate opportunities do not exist or remain relatively scarce, the desire to pursue advanced specialty training can be a major motivator for student migration abroad. 49 Although we identified no significant independent association between postgraduate training plans and career location preferences, it remains possible that certain student subgroups exist for which desire for advanced specialty education was a primary driver of international or urban career preferences regardless of origin or career priorities. Development of high-quality in-country advanced specialty training opportunities should remain a priority in nations facing health workforce shortages.
Policy considerations. Our data support the potential value of using nonacademic assessment tools in medical and nursing school admissions in LMIC. Although not without challenges, such instruments have served an invaluable role in medical and nursing school admissions in high-income nations, revealing candidates' personal qualities through combined assessment of transcript demographics, personal statements, letters of reference, and in particular structured interviews. 50, 51 At the time of surveying, most LMIC public training institutions (including all 16 that we studied) admitted students primarily on scholastic merit, and sometimes on entrance examination score alone. As evidence mounts, academic merit-based admissions in LMIC medical and nursing schools must be recognized as falling short of best educational practices.
In considering LMIC medical and nursing school admissions reform, a role for prioritized selection of rural-origin students seems vital, 22 now supported by research from both high-income nations and LMIC. 19, 21, 23, 24 Entrance essays would help elucidate students' preenrollment career desires, motivations, and personality attributes, while also helping identify national language proficiency, previously identified as independently predictive of rural career intent. 19 Structured interviews may be similarly useful, and can be conducted by trained nonfaculty interviewers where faculty shortages limit participation. 50 Interviews by partnering rural community leaders may help identify applicant characteristics suited to rural work. 52 Although altruistic and individualistic career priorities predicted rural and international vocational plans, respectively, we must identify those interview tools best adapted to uncover such intrinsic student values. Brief personality tests within the application process may provide a rapid and lowcost means of identifying desired nonacademic traits in large applicant pools. 50, 52 Letters of reference are notorious for their variability and potential bias toward those from higherresource settings, but could prove more useful if standardized to account for rural and urban disparities. 50 We also recognize the risk of "gaming the system," if prospective students recognize that nonacademic criteria are being considered; reporting trivial rural exposures, exaggerating indicators of altruism, and manipulating résumés could be attempted to enhance admissions likelihood.
Addressing critical shortages of health professionals in LMIC will require a multifaceted approach that must include greater admissions policy reform to stem "brain drain." With growing investments in new schools, expanded enrollments, and curricular reform, resources will be most effective if spent on students most likely to remain in-country and work in areas of need. Compulsory service obligations alone appear to be weak in eliciting long-term retention, 53 as graduates often migrate shortly after service terms end. 8, 18 Using nonacademic attributes-in particular, prior rural experience, higher altruistic and lower individualistic career aspirations, and tolerance of lower work resources-in medical and nursing admissions processes in LMIC may help reduce emigration "brain drain" and increase the number of graduates who practice where they are needed most.
